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Height-related Gene 

The sex-related height difference hi humans is thought \o be caused mainly by two 
components: first, a hormonal component determined by the sex dimorphism of bioacti ve 
gonadal steroids and second, a genetic component attributed to a Y-speci&c growth gene, 
termed GCY (Tanner, et al. 1966; Smith, et al, 1985; Ogata and Matsuo, 1992). Despite 
extensive mapping attempts for this gene on the human Y chromosome (Ogata, et al. 
1995, Salo, et al. 1995; Rousseaux-Prevost, et al. 1996; De Rosa, et al. 1997), its precise 
position remains unknown. Recent evidence shows mat inappropriate cytogenic 
methodology in the characterisation of Y-cbromosomal terminal deletions has brought 
about some of the difficulties in elucidating the GCY-critical region. In order to overcome 
these problems, the inventors have considered only patients presenting de novo interstitial 
deletions for the GCY analysis on the Y chromosome (Kitsch, et al 2000). This 
approach allows the assignment of GCY to a. particular chromosomal interval without 
excluding the presence of XO-mosaicism and/or i(Yp) and idic(Yqll) chromosomes in 
pati ents with terminal deletions. 

The direct comparison of overlapping interstitial deletions in seven adult males with 
normal height, one male with borderline height, and one patient with a large interstitial 
deletion and short stature resulted in the contirmation of the GCY critical interval between 
markers DYZ3 arid DYS11. This region roughly encompasses 1.6-1.7 Mb of genomic 
DNA. To improve the resolution in the region of interest close to the centromere, the 
inventors have established additional new STS markers specific for this part of the 
chromosome using a bacterial artificial chromosome (BAC)/P1 -derived artificial 
chromosome (PAC) contig. Molecular deletion analysis using these new Y-chromoso.mal 
STSs allowed the inventors to narrow down the critical interval to a genomic region of 700 
kb. 



The invention provides an isolated region of the Y chromosome between DYZ3 and 
DYS11 which encompasses GCY. Preferably the Y chromosome Is a human Y 
chromosome. The region is preferably 700 kb in size. 




( 

The invention further provides an isolated gene which contributes the sex related height 
difference in humans* 

AJso provided is the GCY protein encoded by a region within the interval between D723 
andDYSIL 

Further provided is use of a nucleic acid molecule comprising at least a portion of the 
isolated region of the Y chromasome according to the invention, or a sequence 
complementary thereto, to identify the presence or absence of a GCY gene. 

The invention further encompasses proteins having the same function as GCY protein and 
which have greater than 65% homology, greater than 70% homology, greater than 75% 
homology, greater than 80% homology, greater than 85% homology, , preferably greater 
than 90% homology, and most preferably greater than 95% homology to the GCY protein. 

Experimental evidence will now bo described in detail with reference to the figures in 
which: . 

Table 1 is a comparison of the adult height of patients and their siblings. 
Table 2 is a table of new Y cfo omosomal STSs. 

Table 3 is the PCR/restriction digest analysis of sequence family variants in the AZFc 
region, 

i 

Table 4 is a summary of BAC and PAC clones identified during physical map creation. 

Figure 1. Deletion mapping on the long arm of the human Y chrorfiosome. 

A diagram of the human Y chromosome with Yp telomere to the left and Yq telomere to 

the right is presented at the top, Shown below axe the results of low-resolution analysis of 
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all other STSs were previously reported (Voiirath, et al. 1992, Jones, et at 1994, Rejjo, et 
al. 1995). Blank spaces or grey boxes indicate inferred absence or presence of markers for 
which assay was not performed. Asterisks indicate markers in the respective breakpoint 
regions which could not be tested. In all cases where previously published data of the 
patients were re-investigated, the identical DNA sample used for the primary analysis was 
studied (Please note that the proximal as well as the distal breakpoint of the interstitial 
deletion of patient #293 resides within satellite type II sequences.) 

Figure 2. Sequence feunily variant (SFV) typing in the human DAZ locus in distal 
Yqll.23. 

A. Overview and amplicon structure of the human Y chromosome in the vicinity of the 
human DAZ cluster. Each amplicon is represented by a specific colour. Shown above are 
arrows indicating the orientation of each member of an amplicon family with respect to 
each other. The amplicon indicated by orange arose from a portion of chromosome 1 that 
was transposed to the distal end of the DAZ cluster and partially duplicated. 

B. Precise position of selected Y-speciflc STSs and the SFVs according to the physical 
map of the human Y chromosome. Marker sYl 57 is bi^blighted as it was suspected to be 
present in only one copy by multiplex PGR analysis (see text fox detail). 

C. Summary of STS and SFV analysis in patients with Y-chromosomal rearrangements 
within the human DAZ cluster region. Grey boxes indicate inferred absence or presence of 
markers. 

D. Sequence family variant typing of SKY10 and SKY12 in genomic DNA of patient 
#1972. Assay is described in Table 3, Along the right are listed fragment sizes (in bp). 
Products are separated by electrophoresis in 3% NuSieve agarose (3:1) and visualized by 
etbidium bromide staining. 

Figure 3. Schematic representation of the organization of the long arm 
pericentrotneric region of the human Y chromosome. 

A> Diagram showing the distribution of major tandem repeat blocks and general 
organization of sequence homologies, Basically* the region can be subdivided in three 
distinct interval?; a proximal region characterized by 5bp satellite sequences, a central 
region with high, homology to chromosome 1, and a distal region composed of 



X/Y-homologous sequences. In the X/Y-homologous region a segment homologous to 
chromosome Xq25/10q25 has been integrated (Sargent, etal 1999, Wimmer, etal. 2001). 
Below the precise position of the newly established and previously published STS markers 
in this region are'iUustrated. At the bottom border, the PAC/BAC contig constructed with 
the aid of the new STS markers is shown. Prefixes RP1, 5 indicate PAC clones and RP1 1 
BAC clones, respectively, 

B. Localization of the GCY critical interval a3 defined by high-resolution STS mapping in 
patients with short stature aad normal height Black boindicate the presence, white boxes 
the absence of the respective STS. Striped boxes depict the dosage unknown regions 
where the breakpoint resides. 

Materials and Method* 

Selection of patients 

Patients #293. JOLAR, #28, #63 and #95 have been described clinically in detail elsewhere 
(Skare, et al 1990; Ma, et of. 1993; Foresta, et al 1998; Kleimao, et al 1999). Patient 
Y030S corresponds to case 1 in the study of Prior, et al. 1997. Patients T.M., #1947 and 
#1972 are phcnotypically normal males suffering from idiopathic infertility. Genomic 
DNA samples were extracted from peripheral blood leukocytes (#28, #63, #95, Y0308, 
T.M., #1947, #1972) or from lymphoblastoid cell lines (#293, JOLAR). DNA isolated 
from peripheral blood leukocytes of normal males and females served as internal controls. 

IMeisLggggsmsBt 

As all individuals are of diverse ethnic origins, height was compared to the respective 
national height standards (Tabic 1). Patients were of similar age raage. When possible, 
special attention was given to adult height comparisons between paints and siblings, Data 
are summarised along with the height standard deviation score (SDS) in Tahle 1. To 
calculate the SDS, mean adult height and the standard deviation were taken from the 
corresponding national physical growth studies. 
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Reactions were performed in a total volume of 50)J. (75mM Tris/HCl pH9,0, 20mM 
(NHO2 SO4, 0.1%(w/v) Tween20, 1.5mM MgCl 2 ) containing l.OmM of each 
oligonucleotide primer, lOOng genomic DNA as template, 5 units of Taq DNA polymerase 

T 

(Eurogentec), and. each dNTP at ImM in a mermocycler (MJ Research, Inc.) as follows: 
After an initial denaturation step of 95°C for 5 min., samples were subjected to 30 cycles 
consisting of 30 sec. at 30 sec. at 60°C and 1 min. at 72X followed by a final 
extension step of 5 min. at 72°C. The Multiplex PCR was carried out as described in 
Henegariu, et at 1994 with minor modifications. Alu-Alu PCR reactions were essentially 
carried out as described in Nelson, etal. 1991. Amplification products smaller than I kb 
were resolved on 3% NuSieve agarose/ 1% SeaKcm GTG agarose (FMC) in 1 x TBE 
(0.089 M Tris-borate/0.089 M boric acio720mM EDTA, pH 8.0). For amplification 
products larger than 1 kb as well as products from Mu-Alu-?CJL 1.5% SeaKem GTG 
agarose gel s in 1 x TOE were used for separation. 

PCR primers 

Y-STSs, loci and PCR conditions have been described previously (VoJlxatb, et al 1992; 
Jones., et al 1994; Reijo, et al. 1995). Sequences of new Y-chromosomal STSs are listed 
in Tabic 2. Y-specific STSs termed SKY wre either derived fi-om YAC, BAC and PAC 
end sequences or from clone-internal sequences amplified by various combinations of Alu 
primers. Primers for the markers SJCY10, 11, 12 and 13 were designed to amplify 
fragments spanning unique restriction sites within the genomic DAZ locus (SKY10 from 
RP 11-48 K20 (ACD24067), RF11-70G12 (AC006983), RP11-14W04 (AC0Q8272), 
RP11-366C06 (AC015973), RP1 1-560118 (AC053522), RP11475B09 (AL359453), 
SKY11 and SKY12 from RP11-245K04 (AC007965), RP11-100J21 (AC017005), 
RP11-506M09 (AC016752XRP11-589P14 (AC025246) and SKY13 from RP1M00J21 
(AC017005), RP11-589P14 (AC025246), RP11-823D08 (AC073649), RP11-251M08 
(AC010682), RP11-978G18 (AC073893) in order to detect 'sequence family variants' 
(SFVs), 

Restriction analysis of PCR products 

PCR products were resolved on agarose gels, the appropriate gel bands cut our and the 
DNA isolated with GFX™ PCR DNA and Gel Band Purification Kit (Amarsham 




Pharmacia Biotech* lac,) according to the manufacturer's protocol Fragments amplified 
from SICY5 and SKY6 were digested with TaqI and BsmI, respectively, to detect SFVs at 
SKY10, SKY11, SKY12 and SKY13, PCR products were digested with restriction 
enzymes as listed in Table 3. 



Sequencing of BAC/FAC/YAC end fragments 

DNA from BAC/PAC clones selected for end sequencing were purified with the 
Nucleobond PCI 00 Kit (Macherey-Nagel) according to the manufacturer's instructions. 
End fragments were directly sequenced using the Thermoseqitenase Fluorescent Labelled 
Primer Cycle Sequencing Kit (Pharmacia) and analysed on a Pharmacia AX.F. express 
(Amersham Pharmacia Biotech). YAC end fragments were generated witih 
Alu/V ector-polymerase chain reaction and subcloned in pCR2J with the TOPO-TA 
cloning Kit (Tnvitrogen). Sequencing was performed as described 

Fluorescence in situ hybridisation 

Metaphase spreads were obtained either from primary blood samples or immortalised cell 
lines, Preparations were made according to standard protocols (Lichter and Cremer, 1992). 
Cosmid and plasmid DNA was labelled by nick translation with biotin-16-dUTP (La 
Roche). Slides carrying metaphase spreads were kept in 70% etbanol at 4°C for one week. 
200-300ng of labelled plasmid or cosmid DNA, 20-30 jxg of human Cot-1 DNA (GIBCO 
BRL), and hybridisation buffer (50% fonnamide, 10% dextran sulfate, aad 2 x SSC, pH 
7.0) were mixed, denatured for 5 miix at 75°C and prc-annealed for 30 min. at 37°C. The 
slides were denatured for 2 rnin. in 70% formamide and 2 x SSC, pH7.G s at 72°C (Reid, et 
al 1992), The pre-annealed probe wa$ hybridised overnight in a humidifying chamber at 
37°C< Slides were washed and stained with avidin-conjugated fluorescein isothiocyanate 
(FTTC). The signal was amplified with biotinylated anti-avidia followed by staining with 
avidm-FITC. For the probe all human telemcres (Oncor) the instructions supplied by the 
manufacturer were followed. Chromosomes were counterstaiiied with 4%6-diamidino-2- 
phenylindol dihydrochloride (DAPI). Images were taken separately by using a cooled 
charge coupled device camera system (Photometries, Tucson AZ P USA), A Macintosh 
Ounaitj "00 ~*$rx ucscL fs? Cr^-J'. t^iirci 2^6 &csr c * i--.**:^ ^ m -rz m z^zrr. '.; p r- ~ 7 "z";"J: 
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images were recorded for each fluorochrome. Images were overlaid electronically and 
further processed using the Adobe Photoshop software. 



Results 

Mapping of interstitial deletions 

The inventor studied the DNA of nine adult males who originally consulted reproduction 
centres about idiopathic infertility, but were otherwise generally healthy. Of the 9 males, 7 
were unremarkable with respect to adult height One patient, #293, with a height of 
157cm, presented short etature (SDS -2,9) and one, Y0308, with a height of 1 67cm showed 
borderline height, being at the 3rd percentile of normal U.S. height standard (SDS -1.7). 
Adult height of his parents and siblings are in the normal range (Table 1), his brother being 
19cra taller than the patient Compared to his target height (178cm) and target range 
(169- 187cm) he can be considered short. All men were ascertained solely on the basis of 
the occurrence of large de novo interstitial deletions on the Y chromosome. Only two of 
those patients had undergone previous chromosomal studies, 

an effort to localise the GCY locus, the inventors focused on that part of the Y 
chromosome long arm, which was delimited by the boundaries of the interstitial deletions 
of the patients with short stature (Fig. 1). Recently, a detailed physical map of the human 
Y chromosome incorporating 758 ordered STSs and 199 completely sequenced BAG 
clones has been constructed (Tilford, et al. 2001)- The inventors used a slightly modified 
PCR multiplex system (Henegariu, et ql 1994) to test the absence or presence of 28 DNA 
loci from the Y chromosome long arm. In patients where sufficient DNA was available fot 
ftirther PCR analysis additional STSs were tested. As a result, 8 of 9 interstitial deletion 
breakpoints could be positioned (Fig, 1). As the deletions of patients JOLAR, #28, #63, 
#95, T.M., and #1947, all with normal height, overlap, most of the long arm of the Y 
chromosome could be excluded as a critical region for GCY. 




As the distal breakpoint of the deletion of patient #1972 does not reside within the specific 
part of the Y chromosome long arm, the nature of the deletion (terminal or interstitial) 
remained unclear. There was also no overlap of his deletion with the deletions of patients 
#1947 and T.M. Relying solely on the results obtained by the STS-based interstitial 
deletion mapping strategy, it was not possible to exclude formally the region distal to 
SY15S as a potential critical region fox GCY. However, multiplex PCR analysis always 
showed a less intense amplification product for STS sY157 (a Y-dcrived marker in close 
vicinity of sY158). To address this problem, the rearranged Y chromosome of patient 
#1 972 was investigated in more detail 

Fluorescence in situ hybridisation and sequence family variant typing of patient #1972 
The overall integrity of the Y chromosome from patient #1972 was demonstrated by FISH 
of the cosmids LLOYNC01"M"34F05 (PARI) andIXOYNC03"M ,? 49B02 (PAR2) as well 
as the Y-centromere-specific probe Y-97 and the telomere-specific probe 'all human 
telomeres' (data not shown), Being aware of the complex structural organisation of the 
human DAZ locus (Fig. 2A) ? we specifically searched for sequence family variants (SFVs), 
To prevent misjudging sequence errors as single nucleotide differences, PCR/restriction- 
digestion assays were developed only from SFVs present in at least two overlapping BAG 
clones. The localisation of these SFVs is shown in Fig* 2B. As these SFVs could represent 
allelic variants, ten unrelated normal German males were typed. In all cases, the expected 
fragment pattern could be detected, for the Y-chromosome derived sequences. In contrast, 
the fragment pattern deduced from the genomic sequence of the chromosome 1 -derived 
BAC clone RP1 1-560118 could not be confirmed (sec Table 3 for detail). Each 
SFV-spectfic PCR/rcstriction digestion was compared to the presence/absence in the 
corresponding BAC clones. 

Typing the genomic DNA of patient #1972 for all four sequence family variants 
(SKYlO/TspS09I, SKYU/Nlain, SICY12/Msei and SKY13/Cac8I + Tfil) revealed the 
absence of one Y-derived non-allelic sequence variant (Table 3 and Fig. 2CJD). In the case 
of SKY10 the distal copy if deleted. Not surprisingly, in ?i! other typing c^nerijinemo the 
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Next, we investigated these SFVs in the two patients with the most distal breakpoints (#95 
and #1947). Using genomic DNAs, we determined that both non-allelic variants of 
SKY1 1, SKY12 and SKY13, and one non-allelic variant of SKY10, wore absent in patient 
#1 947, whereas for all tested SFVs one non-allelic variant was absent in patient #95 . 

Taken together, these results provide evidence that the proximal breakpoint of the 
interstitial deletion presont in the Y chromosome of patient #1972 resides within the 
interstitial deletion of patient #1947, thereby excluding this genomic region as a potential 
critical interval for GCY. 

Refinement of the GVY crit ical interval 

Based on tiic molecular analysis of the pericentric region of the long arm of the human Y 
chromosome. (Williams and Tyler-Smith 1997), the physical extension of the GCY critical 
region as defined by the markers sY78 (DYZ3) and sY83 (DYS11) was estimated to 
constitute 1.6-1.7 Mb (Fig. 3A) of DNA The most proximal 400 kb of this region consist 
exclusively of 5bp satellite sequences separated from the Y centromere only by Alu 
sequences. This constant part of the human Y chromosome is therefore unlikely to contain 
coding sequences. The remainder of the GCY critical region is composed of X/Y- 
homologous as well as autsomal/Y-homologou3 sequence blocks. At the onset of this 
study, only limited coverage in YAC clones was available for this region. In order to refine 
the GCY critical interval and to generate gene finding substrates, it was necessary to 
establish a BAC/PAC-contig of this region. 

The inventors generated 25 additional markers, mainly by sequencing the end fragments of 
BAC, PAC and YAC clones, as well as clone-internal sequences amplified by various 
combinations of Alu-Alu oligonucleotide primer pairs. Of raose, only 7 turned out to be 
Y-specific (SKY1, SKY2 and SKY4-8) (see Table 2 for detail). The BAC and PAC clones 
identified during the generation of the physical map are summarised in Table 4. 
Meanwhile, some of these clones have been completely sequenced as they form part of a 
tiling path, for sequencing the human Y chromosome (Tilford, et ed. 2001). The proximal 
part of the cloned region between markers sY78 and SKY6 has not been sequenced to date. 
A selection of clones covering the entire GCY critical region is depicted in Fig. 3. 
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Confirming the overlap between BAC RP1 1-295P22 and BAG RP11-322K23 appeared to 
be the most crucial step in the process of contig construction. Y-specific markers derived 
.from the opposite end fragments of both clones were suspfected to amplify identical-sized 
fragments from two different loci within the same 5bp satellite region* By testing several 
restriction enzymes known to cut frequently within 5bp satellites composed of the 
consensus sequence (TGGAA) n , the inventors developed loci-$pecific PCRyrestriction 
digestion assays. Typing all BAC clones mapping to this sequence block with the 
appropriate PCR/restriction digestion assay allowed us to precisely position them, thereby 
confirming their overlaps. 

In order to narrow down the critical interval for the GCY gene, the inventors tested for the 
presence of the newly generated STS in patients #293, Y0308 and JOLAR. These results 
allowed the inventors to define a small region for the GCY gene (Fig, 3B). Direct 
sequence comparison showed that the sequenced BAC clones RP1 1-322K23, RP11-75F0S, 
RP1M61HW, KP11-333E09, RP11-558M10, CTTB-29SB15 and CITB-203M13 
completely cover the mapped region between Y-STSs SKY8 and sY83 (DYSU), 
suggesting that it encompasses roughly 700 Icb. 

Discussion 

Since the issue on the existence of a Y-specifio growth gene (GCY) was first raised, there 
have been several attempts to define its precise location. Whereas initial studies 
unanimously pointed towards a corrimon region of the Y chromosome long arm (Salo, et 
al 1995), more recent investigations have led to the identification of two non-overlapping 
critical intervals (Rousseaiix-Prevost, al 1996, Ogata, et £tl 1995, De Rosa, et al 1997). 
FISH analyses resolved this apparent contradiction by presenting clear evidence that the 
patient materials used in these initial investigations contained 45,XG cells and/or i(Yp) or 
idic (Yqll) chromosomes (ICirsch, et al 2000). Both genetic parameters influence the 

4iiul'L hi^iji of a glVvEi individlwa. iimrcbv" rend=rio£ ]«, hsLDOssibli: uj pn=diCi v.« hciilcT £IiCii 
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patients have lost GCY or not. Studies with patients carrying <U novo interstitial deletions 
are, therefore, much better suited to address the problem of GCY localisation. 

m the course of winnowing the literature for patients with small interstitial deletions, in 
particular close to the centromere, it became clear that those patients are very rate. This 
prompted the inventors to extend their search for patients carrying large de novo interstitial 
deletions, irrespective of their actual adult height We examined 9 adult patiente, 7 of 
whom presented normal height. Furthermore, we could show overlapping deletions, 
thereby excluding GCY to reside between the Y-specific marker DYS11 and the 
psendoautosomal region 2 (PAR2). Two patients, #293 and Y0308, presented interstitial 
deletions enabling the restriction of the GCY critical region to approximately 700 leb of 
DNA. This region is therefore predicted to harbour one or more genes required for normal 
human growth. 

All 9 patients studied share infertility as a common phenotype, which is in agreement with 
their large Yq deletions. Despite extensive routine screening of infertile males in 
reproduction cemxes, only two patients were found to present borderline/short stature in 
combination with a confirmed large de novo deletion. The inventors therefore conclude 
that cytogenetically detectable de novo deletions enclosing the GCY gene are rare events. 
It is possible, however, that deletion sizes are generally small in this area and therefore 
undetectable using the presently available set of markers. In addition, the adult height 
reduction of 6-8 cm attributed to the Y-specific growth gene (Ogata and Matsuo, 1992) 
does not necessarily result in the diagnosis of short stature in all affected males. 
Sex-related adult height difference is determined by the level of bioactive gonadal steroids 
and the Y-specific growth gene.' Parameters such as nutrition, infectious diseases and 
secular trend are further components influencing the adult height of a given individual. In 
particular, the mid-parental height contributes to the evaluation of growth reduction. 

In summary, the data provided localises GCY to a critical interval marked by the Y-derived 
markers SKY8 and $Y83 (DYS1 1). mis 700 kb interval, recently sequenced by the Human 
Genome Project (Tilford, ef al. 2001), does not contain any known gene or any Y-specific 
ESTs. Different reasons, such as unusual gene structures, e.g. genes consisting of only one 



exon, the lack of homology to any identified gene, and spatially or temporally restricted- 
gene expression patterns, could account for this phenomenon. 

The human genomic PAC and BAC libraries used in mis work were constructed at the 
RPCI in Bufi&lo, NY. Clones isolated from these libraries were purchased from the same 
institution. 
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Table 1. Adult height comparison of patients and their siblings. 



Case 


Country of 
origin 


Height of patient (cm) 
and standard deviation 
score 


I National 
height 
standard 


Heights of family 
members (cm) and 
standard deviation 
score 


#293 


USA 


157 (SDS -2.9) 
snort 


176.9 

\jjJJ O.o) 


(F) normal 
\rvx) normal 
(B) normal 




uon 


borderline 

^5 AOIX ( ) 


1 7 A O 

(SD 6.8) 


{r) 1 /U 

(M)170 

rn\ -too /orso j.1 n\ 
{&) too (aUo +!>/) 

(S) 167 (SDS ~0/T> 


JOLAR 


United 
Kingdom 


168 (SDS -1.0) 
normal 


174.7 
(SD 6.7) 


(F) normal 
fM) normal 
(B) normal 


#28 


Italy 


175 (SDS -0.3) 
normal 


176.7 
(SD 6.5) 


(F) normal 
(M) normal 


#63 


Ethiopia 


170 (SDS +0.3) 
normal 


168.0 
(SD7.4) 


(F) normal 
(M) normal 


#95 


Israel 


185 (SDS +1.4) 
normal 


175.6 
(SD 6.8) 


(F) normal 
(M) normal 


T.M. 


Belgium 


182 (SDS +1.3) 
normal 


173,5 
(SD 6.7) 


(F) normal 
(M) normal 


#1947 


Germany 


175 (SDS -0.8) 
normal 


179.9 
(SD6.4) 


(F) normal 
CM) normal 


#1972 


Germany 


181 (SDS +0.3) 
normal 


179.9 
(SD 6.4) 


175(F) 
165 (M) 

172 (S) (SDS +1.0} 



Tbo standard deviation score (SDS) was calculated based on the equation: SDS *= (X-JMySD, where X is an 
individual's adult height and M and SD are the mean adult height and the ± 1 standard deviation of the 
norniai population, respectively. 

(M) mother, (F) &thcr, (S) sister, (B) brother, (NA) not available. 



c 
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Table 2 Y-durnmosamal STSs 



STS 

SKYI. 

SKY2 

$KY3 

SSY4 

SKY5* 

SKY6* 

SKY7 

SKYS 

SKY? 

SKno* 

SKYI1* 

SKYI 2* 

SKY13* 



Left Printer 



GGACATTTGGCTGCAGAGAT 
TCAGQACAQACAGGCTGCrA 
TTCTCOCTCATCTTOGAAGC 
CCXTTCATTCCAlTCTcrTCCA 

cccrcGxcaATTTCrrrrGA 

TCAATGGATQCAGiGTGTGGO 

C3GGAGTGCAAAGGOAAAGAT 

CC^TTGVnCOAGTTCAJTACG 

GGCOSATGG-XCAAACTGTTA 

ATAAGGGGCAGGTITGTCAC 

AAAGTGGGTGAAGGACATGG 

TTGAGTO^CTGGGGATAACrG 

GGCAGGCTAGAMOTCTTG^TTC 



TGGCAATGCACXCTCATCAT 

CCIGQCACTGAGCTCCTTAC 

GCTTCX^TCGAXXAGGAAGG 

CGC^CnTATGGACXOCAA 

CCTCGAATTTAATGGATXGC 

TCCACTGAATTCCATTGCAC 

CTTTCCATGGGGTGACATTC 

ATTGGAATGGAA.T03GACAG 

GAAACGGGCTCTGAAATTOT 

GCTACTTATrCAGTGTTTAACTGACAC 

tttttgtttgtggcaggtg 

tatgggccacaatcacttca 

cgcttgggattttgtctgtt 



Product 

255 
-J700 
167 

111 

202 

32$ 

223 

1S9 

531 

32$ 

469 

216 

198 



ana /jsnajujajpciie (see 
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TabteS gCB/Resttiction Digest Analysis 
$TS Rcsirictioa BAC Eragmmt^s (bp) 



enzyme clones 



SKY10 TupSOM 487K20 
70O12 
560113 



smi Wain 



245K04 
S06M09 



279,50 

217,154,79,15 
233,221,15 



STS Itestdcoooa BAC F^S^amt sizes (bp) 
enzyroC clones aftwx^stdclioa 



Mscl 



24SK04 
506M09 



CnCfflWfil 100121 
589P14 
251M08 



88^7,39,32 
145,39,32 

97,83,23 

175^3 

97,50,33,23 



c 
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map creation 



SYB3 

sY82 
OY8 

5YSI 
SY79 

sscyi 

SKV2 

S&Y4 

8KYS 

*t4A3C 



foiitrve BAC3 (RPQi y 



not screened 

Aot screened 
Ml screened 
not sensewjd 

75F0S. 79B14, 102G24, 3221533, 
417DS3, 600011, 612E10, 725112, 
863108, 9Q3M82, 1J25H2I 

37fiBl^544Cll,544M21 

2953*22, 828024, 
88filn,S!QCQ6 

75FD5,322K23,612B10 
174X24, 271E18. 295P22, 588E18, 
«20120, 70S019 
174124, 271E18,2ft5B22,58SEl3, 
®^ *33?1 l. 684HI9, 705019 



Posiiive PAQi (WClt. 3-5) 



83JD22 

83D22, 114A11, 157GO8.960C15 
U4AI1, 168B21, 27ID03, 6315121, 
76SH16, 806015, 904B13, 96BC15 

301*22, io7aios P io78C20, 

1160A12 

148307,1136414, 11(S0A12, 

1I96E23 

U49H1I 



85D24, 958M03 

829R08 



not screened 
twt screened 

not screened 



of 3.5 Jd, nnd au^-^ aatos ^ ft^J ■ Y-^^. 



• • - 
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Claims 



1. An isolated region of the Y chromosome between DY73 and DYS11 which 
encompasses GCY. * 



2. An isolated region according to claim 1 to which GCY is in the proximity of 
DYS11. 



3. An isolated region according to claim 1 or claim 2 encompassing GCY, which is 
700 leb in size. 

4. An isolated region of the Y chromosome according to claims 1 to 3 in which the 
Y chromosome is a human chromosome. 

5. Ao isolated GCY protein encoded by a region within the interval between DY23 
andDYSJl. 

6. An isolated protein having greater than 65% homology to the GCY protein of claim 
3 and which contributes to the sex-related height difference m humans. 

7. Use of a nucleic acid molecule comprising at least a portion of the isolated region at 
the Y chromasome according to the invention, or a sequence complementary thereto, to 
identify the presence or absence of a GCY gene, 
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